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W I O W  ADVISORY FOR AEBONAU!I!ICS 

MEASUREMENTS OF BOUNDARY-IXYER TRANSI?TION AT LOW 

LOW-TURB-CE W l X I l  TUNNEI, 

A n  investigation of the location of t r ans i t i on  f r o m  laminar t o  turbu- 
lent flow in the boundary La7 on two bodies of r evdu t ion  a t  zero angle 
of  attack has been made fn a low-turbulence wind  t&&. One body was a 
prolate spheroid of  ffneness m t i o  9.0 and was constructed of aluminum. 
The other body, a modified prolate  spheroid of fineness r a t i o  7.5 ua8 
constructed of' steel and covered with  Fibergla6 and resin. Both bodies 
w e r e  instrumented. with subsurface  mkrophones t o  detect  the locat ion of  
transition f r o m  laminar t o  t u r b u l e n t  f l o w  i n  the boundary layer. 

Data are presented for a range of low speeds at  a constant stagnation 
pressure near atmospheric. These data lncluae t r a m i t i o n  Reynolds nurdbers 
and pressure  distrfbutions for both  bodles of revolution. Also included 
are the theoretical boundary-layer parameters. In order t o  expedlte  publi- 
cation, the data are preaented uithout diacuseion. 

In recent yeaxe comiderable  attentLon has been focused on the 8%- 
bility of the  hminar b o w  layer and on various m e a n e  of controll ing 
and delayFng the t rans i t ion  of thfs Lamiw flow to turbulent flow. 
While abundant data on boundary-layer t r ans i t i on  are avai lable  fer two- 
dimensioaal-flow conditions, there is considerably less information on 
three-dimensfona3  bodfee.  Accordingly, it was decided t o  conduct experi- 
m e n t a 3  studies on the boundary layers of bodfes of revolution Fn a low- 
turbulence afr s t r e a m .  

An investigation was undertaken in the Ames =-foot  pressure wlnd 
tunnel. of the boundary-layer characteristics of two bodies of  revolution 
having fineness r a t io s  of 7.5 and 9.0. The location of t rans i t ion  on both 
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NOTATIOM 

C a constant 

L body length 

P s ta t ic   pressure 

P static-press&e coefficient, 

R R e y n o l d s  rider, 7 

PI. - P, 
1 5 ~,u,' 

UaIL 

Rtrans Reynolds number a t  t ransi t ion,  7r U i P  

Rs* Reyaolds number based on displacement thiclmesa, v- u&* 

8 distance f r o m  the nose, a l o n g  a meridian.- 

U velocity 

X axlal distance  along the body 
B 

P p o t e n t i a l - f l o w  parameter where Uz = cS2'B 
- 

E* boundary-layer dtsplacement thickness 

0 boundary-layer momentum thicknees 

Y kinem€Ltic viscosity 

P air density 

Subscripts 

1 local 

W f ree  s t r e a m  
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Models 

Two bodiea of revolution were tested during tMs  inveetigation. One 
body W&E a prolate spheroid o f  fLneness r a t i o  9.0, and the other body ww 
a modified prolate spheroid of fineness ratio 7.5. Both bOdie8 w e r e  s t i n g -  
mounted a t  the center of the wind-tunnel test section. A comparatiTe 
sketch of the two bodfes is shown i n  figwe 1. 

Fineness-ratio 9.0 body.- The coordinates of this body are  l isted in 
table I and a photograph of the m d d  is presented as figure 2. Beginning 
a t  the %-percent station  the body was faired in to  a 4-inch-diameter 
st ing.  

The body was fabricated of 1/4-lnch=thick cast-al.um€nm shells w h i c h  
were bolted  together at integral fnterna,l_ flanges. The polished  surface 
was estitmted t o  have an average surface roughness of lese than 30 micro- 
inches, as determFned by reference t o  roughness gages. The surface =vi- 
ness was measured with a 2-l/2-inch-epan surface gage and U&E found t o  
be less  than 0 .OOO3 inch per fnch. 

Fineness-ratio 7.5 body.- The coordinates of this body are l is ted 
in table I. The rear half of the body was a prolate spheroid of fineness 
r a t i o  7.5. The forward half of the body #&E contoured. so as t o  provide 
a favorable  pressure  gradlent over a longer port ion of the body length 
than could be obtained with a fineness  ratfo 7.5 prolate spheroid. Begin- 
ning a t  the 95-percent station, the body was fawed into a 4=inch&araeter 
s t ing.  Figure  3 is a photograph of the body. 

Thls body differed in construction and material from the first body. 
1% was constructed of ate& shells welded together around a core of eteel 
tuking. This  hell was capered. with a 1/4-inch layer  of Fibergla8 resin 
which, in turn, was coated w i t h  a 1/32-Fnch layer of epoxy-resin. The 
resln  surface was sprayed w f t h  eeperal coats of hard lacquer and hand 
rubbed with nurnber 600 sandpaper t o  a smooth finfsh. The surface rough- 
ness was comparable t o  that of the aluminum body. The surface waviness 
was less than 0.0004 lnch per  in&, m e a s u r e d  with a !&l/2-Lndh-apan 
surface gage. 

The bodies w e r e  equipped with  static-preaeure  orifices as l is ted in 
t a b l e  II. C e r t a i n  orifices  (see table II) w e r e  closely  coupled to -la- 
ture magnetic-type receivers (U. S. Sfgnal C o r p ~  Heads& Hs-30-U) which 
were used as microphones t o  detect the  pressure fluctuations in the 
boundary layer. The output of the microphones was passed through a~ 
amplifier t o  a headset receive3 ana an oecilloscope. The antplified 



4 

microphone si@ indicated  the  type  of flow in t he  bomdary layer. Shown 
in f'igure 4 is a photographic  record of the  oscil loscope  trace of a typical  
pattern of  "bursts"  i n  the  transit ion  region, as w e U  as the  la-r and c 

t u r b u l e n t  flow patterns. Since tramition develops  over some distance, 
the microphone signal in t h i s  region is characterized by more frequent 
tLirbulent bursts  as the  completely  turbulent region is approached. To 
provide a uniform interpretat ion of t he  signal throughout the  tests, the 
beginning of t rans i t ion  was defined as approximately two bursts per  second. 
It should be noted that in each of  the three t races  shown in figure 4 
there is a c m o n  waviness due t o   t h e  internal "noise" of the   e lec t r fca l  
equipment. 

- 

TESTS 

The investigation was conducted i n  the  Ames 12-foot  pressure wind 
tunnel  with  the model a t  zero  angle of a t tack.  The variations of  Reynolds ' 

number were  obtained by the  veloci ty  fn the t e a t  section at a 
constant stagnatfoa pressure near atmospheric  pressure. A8 t he  free-stream 
velocity m s  increased, the location of *ransition moved progressively 
forward on the bodies. With t rans i t ion  identified, a t  each successive 
microphone station, pressure, temperature, and velocity w e r e  recorded. 
Blodcage corrections t o  t he  data w e r e  computed and found %o be negligible. 

c 
Since a knowledge of the  turbulence 1ev.A. of  the sir s t r e a m  was 

desirable, meaaureme&s of the turbulence were made with a hot-wire am+ 
mometer. The  anemometep W E  a constant-current type havfng a compensated 
amplifier.  The tungsten  hot-wire Bad a  diameter of 0 .OW15 inch and a 
length of 0 .lo5 inch. Results of the  turbulence  survey  indicate that, 
a t   t h e  l o w  speeds  encountered iq this bvestigation,  the  longitudinal 
couiy5niit of  the  veloci ty   f luctuat ion was l e s s  than 0.02 percent. - 

In order t o  expedfte  publication,  these data are presented  without 
discussion. The static-pressure  coefficients  for  the two bodies are 
presented i n  t a b l e  111, and a comparfson p l o t  of  these data is presented 
in figure 5.  It should b e  pofnted out  that these  pressure-coefficfent 
values. are averages  obtained f'rom a number of test  runs, ranging i n  Mach 
number from 0.1 t o  0.3. The maximum devlatfon of the  measured pressure 
coefficients from the  average  valuee was about kO.005. 

In figure 6 the  var ia t ion of t rans i t ion  Reynolds number with length 
Reynolds number is presented. The shaded areaa represent  the  accuracy 
and repeatability of  the experimentally  determined  transition Reynolds 
numbers. Since  detafled  boundary-layer meaeurements were not made, various 
laminar  boundary-layer parameters were computed f o r  the  two bodies, w i n g  
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the technique of FaUmer and Skan (ref. I), and are compared in figure 7. 
Ih these computatiorm the Mangler"transformation (ref. 2) from a three- 

I dimensional. body to &IL eqdval&t two-dimensional body was used. 

Ames  Aeronautical Laboratory 
National Advisory Committee for Aeronautfcs 

Moffett Field, Calif., July 17, 19% 

1. F a l h e r ,  V. M. : A Further Investigation of Solutions of the Boundary 
Layer Equations. R; & M. No. 1884, Br i t i sh  A.R.C.,  1937. 

2. Mangler, W. : Boundary Iayers on Bodies of Revolution in  Swetrical 
Flow. Joint Intell igence ObJectIves Agency, Washington, D. C., 
B.I.G.S. 13,  26 June 1946. 
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TABLE 1.- BODY OF REVOLUTION COORDINATES 
[All dimeneionrr given in percent length] 

Stat ion 

0 
-5  

1.1 
2.1 
3 -2 
4.2 
5.3 
6.3 
7.4 
8.5 
9.5 

10.6 
15.9 
20.1 
25.4 
30 -7  
34.9 
40.2 
45.5 
50 .o 
55.5 -- 

60.8 
65 -1 

75.6 
80 -9 
85.2 
89.9 
95 -2 
100.5 

70.4 

Ordinate 

r t Finenesa ratio 7.5 body 

Station 

0 
-5 

1.0 
2.0 ' 

3.0 
4 .O 
5.0 
6.0 
7.0 
8.0 
9.0 
10 .o 
15.0 
20 .o 
25 .o 
30 .o 
35.0 
40.0 
45 .O 
50 *o 
55 *o 
60 .O 
65.0 
70 .o 
75 *o 
80.0 
85 .o 
90 00 
95.0 

100 .o 

Ordinate 

0 
9.5 

1.29 
1-73 
2 .og 
2.38 
2.64 
2.88 
3 . lo  
3.30 
3.49 
3.67 
4.46 
5-10 
5.62 
6.02 
6.3 
6.51 
6.63 
6.67 
6.63 
6.53 
6.36 
6.11 
5-77 
5-33 
4.76 
4.00 
2.91 
2.08 

. 

c 
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TABLE 111.- STATIC-PRESSURE DIS'IIRIBIITION 
[All dimensions given in percent length] 

Fineness ratio 9.0 body 

Station P 

5.8 

- -048 45.3 
- .O46 34.3 
- .044 28.6 
L. .040 20.8 
- .a30 11.5 

yo.006 

63.5 - .046 
70.8 - -042 
77.1 - .034 
81.7 -.om 
85 -9 - .m4 
91.6 .a69 

54 .I - . 0 p  

Fineness ratio 7.5 body 

Station 

0 *59 
1.9 
2 -95 
4.80 
7.10 
9-95 

15 -00 
20.00 
24.92 
30.00 
35 40.00 
45.00 
49 98 
55 -00 
60 .oo 
65.00 

9 70.00 
75.00 
80 .oo 
85.00 
gQ .oo 
100 .oo 

P 

o .283 
.i01 - 051 
.026 
.010 

-.006 - .030 
- . os  - ,067 - -073 - ,077 
-.om - ,080 - A74 -.on 
= .06g - -067 - .065 - .061 - -053 - -032 
0 
,182 

1 
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Figure 1.- A comparison of the profiles o f  the bodies. 
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A-1992R 1 

Figure 2.- The body of fineness ratio 9.0 naoun-bed. in the test section. 

A-211Od 1 

Figure 3. - The body of fineness r a t io  7.5 mounted in the test section. 



(b) Transitional boundary layer, 

(a) Laminar bcuncbry layer. 
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Figure 5 , -  The static-pressure distribution on the bodies. 
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Hgure 6. -  The variation of transition Reynolds numbm with length Reynolds number for %he bodies. 
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